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1.8 INTRODUCTION 
The woi-k described in th is  report is entirely related t o  ce les t ia l  
x-ray astronomy using grazing-incidence telescopes in Aerobee 
Sounding rockets. We describe the Ferobee-150 payload which 
was  built by FS&E and flown on 6 February 1970 aboard NASA Flight 
4.2 62C G a t  White Sands, N. M.  This payload contained a 9.5-inch 
x-ray telescope sys  tem for observing ce les t ia l  objects. Also reported 
on is some basic  research AS&E has  performed with optical surfaces,  
measuring their x-ray reflecting properties. This work will  be  use-  
ful in constructing future, improved te lescopes .  
Finally, a design study performed by F S & E  is reported, in which a 
grazing-incidence telescope was  incorporated into an Aerobee-350 
payload. The only problem seen with th i s  approach is the lack of 
precise roll-axis stabilization when using NASA' s presently con- 
figured STRAP 111 pointing system in  the  offset mode. F S & E  bel ieves  
this  can  be solved by adding a roll-axis stabil izer to the bas i c  
STRAP I11 System. 
2.0 PAYLOAD DESCRIPTION 
2.1 OVERALL SYSTEM 
The three basic  sect ions  comprising the payload are the scient i f ic  
instrumentation section, the attitude control section and the recov- 
ery section. Both the attitude control and recovery systems are 
government-furnished equipment and engineering detai ls  about 
these will not be presented in this  report. Figure 2-1 shows the 
general configuration of the scientif ic portion of the payload. This 
contains a grazing-incidence telescope,  an x-ray recording system, 
structures, payload electrical  system, aspect  optics and recording 
system, fine pointing sensor for attitude control, and telemetry. 
General characterist ics of the overall payload are a s  follows: 
Overall length: 145 inches 
Weight: 335 pounds 
Diameter: 15 inches 
Typical performance which may be expected i s  peak altitude of 
530,000 feet  a t  about 215 seconds using the Aerobee-150 vehicle. 
2.2 PAYLOAD STRUCTURE 
2 . 2 .  1 Nose Cone 
The nose cone i s  . 06  thick spun aluminum and has an included 
cone angle of 20 degrees. At approximately 70 km altitude, which 
corresponds to a time of 72 seconds,  the  nose cone is released 
exposing the x-ray telescope.  The nose cone release, system is 
shown in Figure 2 -2.  This system has been used by F S & E  on pre- 
vious flights and has  proven to  be reliable. 
The re lease mechanism for the nose cone primarily cons is t s  of two 
rings held together by means of finger-like clamps which are held 
in the retentive position by a 1/8-inch dia.  s ta inless  s tee l  flexible 
aircraft cable. Two guillotine cutters (for purposes of redundancy) 
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Figure 2-2 Eject assembly showing rings and protection devices .  
are used to cut  the cable  and release the finger-clamps. Four 
compression springs then separate the two rings and impart a forward 
velocity of about 6 fps to the nose cone. 
2 .2 .2  Optical Bench 
An optical bench is used to  maintain alignment between the  x-ray 
telescope and the camera which record the image. The bench con- 
sists of four steel struts which attach to brackets on the te lescope 
a t  the  forward end. At the  aft end, the image intensifier and cam- 
era system are attached by means of an adjustable bracket. This 
adjustment is required in order to  position the camera exactly a t  
the focal point of the  telescope. The struts of the bench are  placed 
in four slotted channels, which are fastened to  the external pay- 
load housing structure. This permits the housing to  expand and 
contract relative to  the optical bench. Aerodynamic heating of the  
payload housing causes  i t  to  expand during flight. However, s ince 
the optical bench is fastened to  the  housing only a t  one point for- 
ward end), the  focal length relationship between the mirror and 
camera is maintained. 
2 .  2 .  3 Payload Housing 
Figure 2-3  shows the payload housing. It i s  made from 1/8-thick 
6061-T6 A l .  and is 82 inches long. Two large areas are cu t  out 
which allow for installation and acces s  of instrumentation. Stiffener 
reinforcement around the cut-out area is provided in order to  increase 
the bending st iffness of the structure. 
2.3 X-RAY OPTICS 
Incoming x-rays are reflected off the telescope surface a t  grazing 
incidence. The telescope has  a Giacconi-Rossi mirror using con- 
focal paraboloidal and hyperboleidal sudaces  to image x-rays. 
Figure 2 - 4  shows the general characterist ics of the  x-ray telescope 
mirror and the overall optics design of the paylaod. 


The front portion of the mirror is configured to  a paraboloidal sur- 
face whose 2-dimensional curvature is determined by the equation: 
yc 0.1865560 (x + 104. 00) 
from x = 4. 500 to  x = 0. 
The aft portion of the mirror is configured to  a hyperboloidal sur- 
face whose curvature is described by the equation: 
from x = 0 to  x = -4.500. 
Fabrication of the  mirror requires precision machining and use  of 
optical manufacturing techniques to obtain the desired surfaces; 
manufacturing tolerances for the mirror are a s  follows: 
a. End faces  flat  within 0.0005 inch. 
b. End faces  normal t o  optical axis  within 2 0 arc-sec. 
c. Mirror surface concentric to  optical axis  within 
0. 0002 TIR. 
d. Tolerance on the diameter of the mirror surface a t  
the plane of intersection is 2 0.006 inch. 
e. Diameters of the mirror surfaces of the two sect ions  
will match within 0.005 inch a t  the intersection. 
f .  Lateral misalignment of the paraboloid and hyper- 
boloid a t  the  plane of the intersection shal l  be no 
greater than 0.004 inch. Lateral play in the joint 
shal l  not exceed 0.002 inch. 
2 The effective area of the telescope is 34 cm and the approximate 
reflection efficiency is 4% for grazing angles between 0 and 1 
degree. 
Correlation of the x-ray telescope axes  with the aspect  camera 
axis was accomplished with a fiducial light system. A small light 
source i s  placed in the focal plane of the x-ray telescope.  A ray 
from the fiducial light then leaves  a collimating lens,  mounted in 
the mid-plane of the x-ray mirror a t  an angle corresponding to the 
fiducial light focal plane position, This ray i s  then reflected into 
the aspect  sensor with a comer cube reflector and imaged along 
with the s te l lar  field. The system effectively maps the x-ray focal 
plane onto the s te l lar  field. Two such fiducial l ights are necessary.  
Figure 2-5 is a schematic diagram of th i s  system. 
2.4 IMAGE RECORDING SYSTEM 
The image recording system cons is t s  of a camera, an x-ray image 
intensifier and vacuum sea l  mechanism. Figure 2-6 shows a photo- 
graph of the assembled system, mounted in the rear of the  payload. 
The vacuum door has been removed in this case ,  and replaced by 
a 1/8-in thick fused s i l ica  plate for u se  with ultraviolet light for 
boresight testing. 
A 35mm Model 2 03-C-137 camera i s  used to record the x-ray counts; 
camera serial  number is 11 14 and is made by Giannini Scientific. 
The film transport is driven by a stepped motor and frame rate i s  
adjustable by varying the drive circuit.  A frame rate of 450 msec 
was used during the flight on 6 February 1970. The f i l m  used is 
Eastman Kodak No. 2485. 
Figure 2-7 shows the vacuum sea l  mechanism for the image intensi- 
fier. A motor driven sea l  plate is used to s ea l  and open the entrance 
aperture of the image intensifier. A mechanical toggle action against  
the s e a l  plate is used to compress a viton o-ring seal .  
2.5 ASPECT OPTICS 
Exact pointing information is provided by the aspect system which 
0 0 
records the s ta r  field in its 4 x 6 field of view. 
The camera used i s  a Flight Research Model 3 B  and frame rate i s  
450 ms, Alignment of the aspect  optics and x-ray optics i s  of 
primary importance and i s  performed in the laboratory using an optical 
bench; precision of this parallel alignment is several arc-seconds. 
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Figure 2-5 Aspect System optical concept including the technique 
used to  correlate the x-ray telescope focal plane posi- 
tions with the aspec t  system star  field image. 
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Projected fiducial l ights are used on the aspect  film which provide 
a reference coordinate system for the s tar  field, with respect  to the 
x-ray telescope axis. 
2.6 FINE POINTING SENSOR 
It is necessary to  point the x-ray axis of the payload to  predeter- 
mined s te l lar  targets. Ideally, it is desirable to  have perfect 
pointing control with no errors, however, practical limitations in 
the attitude control system result  in a limit cycle in the order of 
10 to  30 arc-seconds. A photo-optical device is used, termed Fine 
Guidance Error Sensor (FGES), to view a specific portion of the 
s ta r  field. The instrument was the Model 111, Serial No. 20, which 
is manufactured by ITT Aerospace/Optical Division, San Fernando, 
California and was supplied GFE by NASA. Figure 2-8 shows the 
instrument which contains a lens  system, photomultiplier and power 
supplies. The tracker provides s ta r  position information in two 
axes  mutually perpendicular to  the boresight axis. Its mode of 
0 
operation is to  scan a large square field of view (2 4 ), se lec t  the 
0 brightest s ta r  and switch to a smaller field of view (2 1/4 ) centered 
about the acquired star. Pitch and yaw error signals are produced 
a s  the s ta r  position varies from the center-null position. These 
signals are amplified and used to  actuate the  attitude control system 
which applies pitch and yaw corrective maneuvers to maintain the 
acquired s ta r  at  the null-position. 
The FGES i s  designed for night-time use  and must not be exposed to 
daylight or bright light sources when power i s  applied. 
Since the portion of sky of scientif ic interest  with respect to  x-ray 
studies did not contain bright s tars ,  the tracking axis was  shifted 
s ix  degrees in order to  view bright stars.  The tracker requires zero 
to third visual magnitude s tars  for proper operation. Two mirrors 
were used to provide the offset tracking a s  shown in Figure 2-4, 

A 3-degree skew angle between the mirrors provides the 6-degree 
offset. These mirrors were pyrex substrate vapor-coated with 
aluminum, polished and overcoated with a special  film to provide 
scratch resistance.  Reflectivity a t  4200 X was intended t o  be 90%, 
however, only 80% was achieved. Since there is a double reflec- 
tion of the starlight before i t  enters the FGES, i t  i s  important to  
obtain a s  high a reflectivity a s  possible from these mirror surfaces.  
2.7 PAYLOAD ELECTRICAL SYSTEM 
The electrical  system of the payload i s  composed of (a) timing 
circuits, (b) power control and switching, (c) monitor circuits ,  
(d) camera control, (e) pyrotechnic circuits, (f) batteries, (g) image 
intensifier control, (h) payload controls, (i) commutator, and ( j )  
telemetry. Figure 2-9 shows the overall design of the electrical  
system and Figure 2-1 0 shows the main electronics panel. External 
to  the  payload a control console is used to  provide operation of the 
payload. 
2. 7 . 1  Timing Sequence 
Sixteen functions are performed in-flight for proper operation of the 
experiment. Prime commands for the experiment are received either 
from timers in the telemetry instrument package or the ACS system. 
Timer switch closures are also provided by AS&E timing circuits  
which are located on the main electronics panel. 
The in-flight control functions are a s  follows: 
Event Time from Lift-off 
1. Lockout OFF (set) 
High Voltage Power Supply ON 5 2 
2 .  Coast  5 2 
3. Start despin and erect  6 7 
4. Eject nose cone 7 2 
5. Back-up nose cone eject  7 7 
Figure 2-9 Wiring diagram for t h e  Ste l la r  Te lescope  Rocket. 

* 
Stabilize (2 s e c )  82-97 
Remote Adjust. (6 sec)  84-99 
Start Cameras 84-99 
Back-up Camera Signal 99 
Start First Maneuver 90-105 
Open Vacuum Door 90-1 05 
Back-up Vacuum Door Open 105 
Close Vacuum Door 350 
Close Mirror Protector 350 
Shut-off High Voltage Power Supply 350 
Payload Separation 350 
* 
Event will start  sometime during this  period. The start  despin and 
erect  period can vary from 15 to 30 seconds thereby causing a 15 
second uncertainty in the actuation of subsequent events a s  in- 
dicated. 
All the timer commands operate through multi-pole latching relays 
except for the lockout function. One coil  on each  relay is tied to  
a common rese t  which i s  energized by lockout or externally from the 
control console. The multiple inputs to  the control coi ls  of each  
relay are electrically isolated by diodes. 
2. 7.2 Camera Control 
Both the x-ray recording camera and aspect  camera f i l m  transport 
mechanism are driven by clutch-brake motor combinations. The 
electronics panel contains the circuit module which provides the  
timing, pulse shaping and driving circuits  for the motors. Both 
cameras are operated a t  a frame rate of 450 milliseconds. In con- 
junction with the pulsing of the camera motors, the circuit module 
a lso actuates two small light bulbs which provide fiducial marks 
on the aspect  film. Also a coding light for each  camera is actuated 
every eighth frame. The timing module operates whenever power 
i s  turned on, however, the cameras and light operate through the 
start  camera command. 
2 .  7.  3 Image Intensifier Control 
Two high voltage power supplies, a high voltage distribution box 
and an ion pump are required to  operate the image intensifier a s -  
sembly. The ion pump i s  used to  maintain a proper vacuum condi- 
tion (in the order of 0.1 micron) in the chamber. A sepxs. te  um- 
bil ical  was used to  operate the ion pump which could be operated 
up until launch. 
2.  7. 4 Pyrotechnic Circuits 
Two pyrotechnic circuits  are provided in the scientific portion of the 
payload. The ejectable nose cone and mirror protection cover are 
actuated by Model 2801 Holex guillotine cutters which are electri- 
cally initiated. Figure 2-11 shows the electrical  circuit which i s  
used for firing the devices.  The system u s e s  redundant bridgewires 
in each  guillotine cutter, and redundant timing and batteries. An 
arming switch is closed before launch and the safety pin is manually 
extracted from the Raymond timer thereby arming the circuit. As an 
additional safety precaution a lockout relay is provided which pre- 
vents the command relays from firing the guillotines until the  lock- 
out timer command actuates the lockout relay. This represents an 
in-flight arming function. Also the bridgewires are shorted and 
held a t  ground potential until actuation. The circuit conforms to  
range safety requirements. 
2 .  7. 5 Commutator 
Experiment monitor data are obtained a s  a commutated data  channel. 
A 29 segment, 2.  5 RPS, Model 951-4 Datametrics commutator is 
used. Data segments are a s  follows: 

Seqment 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15  
16 
17 
18 
19 
2 0 
2 1 
2 2 
23 
24 
25 
2 6 
2 7 
2 8 
2 9  
Data 
Ground 
External - Internal Monitor 
Safe - Arm Monitor 
27V Inst. On 
27V HVPS On 
27V Camera On 
6V #1 On 
6V #2 On 
Lockout Relay Monitor 
6V #1 Eject Command 
6V #2 Eject Command 
Nose Cone Monitor 
Camera - On Command 
Vac. Chamber Command 
Vac. Chamber Door Monitor 
Grating Command 
Grating Monitor 
Severance Command 
Protection Device Monitor 
5. 1 KV P. S. Monitor 
1. 1 KV P. S. Monitor 
Aspect Camera Clutch Monitor 
Timer Position Monitor 
Fiducial Light Battery Monitor 
Fiducial Light Monitor 
X-ray Temp. Monitor 
Aspect Temp. Monitor 
Spare 
Sym, P u l s e  5V 
2 .  7. 6 Telemetry 
The telemetry system i s  furnished GFE and sewiced by NASA 
personnel. The telemetry instrumentation panel i s  located in the 
experiment section of the payload. A pulse position modulation 
(PPM) telemetry system is used with a 10K Hz sampling rate. Fif- 
teen telemetry channels are used on the  experiment and att i tude 
control system a s  follows: 
Channel Data 
2 P C / Y ~ W  valve 
3 Experiment Commutator 
4 Roll valve/output pulse 
5 Pitch Gyro Tracker Hi-gain 
6 Yaw Gyro Tracker Hi-gain 
7 Tracker Pitch Low - gain 
8 Roll Position Tracker Yaw Low - gain 
9 Clock 
10 Aspect Cam Shutter Pulse 
11 X-ray Cam Shutter Pulse 
12 Coding Light 
13 X-ray Clutch 
14 X-ray Film 
15 ACS & Vehicle Commutator 
16 Acce l /~ i tch  Valve 
Data transmission occurs in real  time. 
2 .  7 .  7 Ground Support Equipment 
Support equipment which is used to  externally control the experi- 
ment portion of the payload cons is t s  of a control console, which 
i s  shown in Figure 2 -12, and a power supply for operating the ion 
pump. The main umbilical cable contains 31 wires and u s e s  a 
FK-L32-2lc9/16 connection which mates with a FKP-L32-32SL 
connector in the payload. 

The control console allows testing alignment, and calibration of 
the scientif ic payload through the umbilical cable.  It enables the 
system to operate on external power supplies and switch to the 
internal battery supply. Timer commands are simulated to  actuate 
the various functions which occur in-flight. Analog readout of 
monitors and certain da ta  channels are displayed on the control 
console. Prior to  launch the payload system engineer u ses  the 
control unit to  arm the payload, switch to internal power, and 
monitor the command function to assure  they are in the  "safe"  
position. 
3.8 PREFLIGHT PES"FING AND EVALUATION 
3.1 IMAGE INTENSIFIER EVALUATION 
Two parameters affect ing the  performance of the  image in tens i f ier  
a re  the  voltage a c r o s s  the  microchannel p la te  a r d  the  phosphor 
potential.  A tes t ing  program w a s  carried out  in  which the  two 
parameters were varied whi le  film records were made of the  image 
intensif iers  ' response  t o  x-rays. Increasing e i ther  vol tage  in-  
c r e a s e s  the eff iciency of the  device ,  until  a plateau region is 
reached.  Use  of too high a voltage a c r o s s  the microchannel plate 
degrades  the resolution because  a t  the  result ing high g a i n s  enough 
l ight  is generated by the  phosphor t o  produce halation in  t h e  film. 
The image intensif ier  i n  f l ight  w a s  operated near the  low vol tage  
end of the plateau,  where halat ion w a s  not a problem. 
o 
[ The quantum efficiency for 8. 3 A x-rays w a s  measured a s  6% wi th  
1100 vol t s  a c r o s s  the  microchannel plate and a screen potential  of 
4900 vol ts ;  t h e s e  a r e  t h e  va lues  used in flight. The s i z e  of a typica l  
spo t  on the  film w a s  about  60 p M, corresponding t o  a resolution 
of 8 l ine  pairs/mm, or about  2 0  a r c  seconds  for our x-ray t e lescope .  
But i n  fac t  the  spo t  cen te r  could b e  located  with uncertainty much 
less than the spot  diameter, s o  t h e  experimental resolution w a s  
limited by the  t e l escope  rather than the  image intensifier.  Our 
background ra te  a t  th i s  time w a s  about  l/sec and w a s  reduced very 
substant ia l ly  when la ter  t e s ted  in the  ion-pumped fl ight  chamber. ] 
An attempt w a s  made t o  improve the  eff iciency by deposi t ing  a thin 
l ayer  of MgF2, a photoelectr ic  material,  on the  face  of the  micro- 
channel  plate.  Subsequent measurements of the e f f i c iency  a s  a 
function of posi t ion on t h e  image intensif ier  gave the  resu l t  shown 
in Figure 3-1. N o  effect at tr ibutable to  the deposit ion is s e e n  w h e n  
the image intensif ier  is operated in  the  plateau region. The d e c r e a s e  
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in ef f ic iency near  the  edge  resu l t s  from geometrical  vignett ing i n  
the  r e l ay  l e n s  system. The cent ra l  region of re la t ive ly  high quantum 
eff ic iency corresponds t o  a f ield of view sf abou t  35 a r c  s e c o n d s  i n  
our te lescope.  
3.2 ALIGNMENT OF OPTICS 
Several  of the  al ignment procedures required a col l imated l igh t  
beam, which w a s  produced by placing a n  illuminated pinhole in  
the focal  p lane  of a parabolic  mirror. Figure 3-2 shows the  pin- 
hole, wi th  d ivergent  l ight  shining through t h e  opening in a n  annular  
opt ica l  flat. Nearly collimated l ight  from the  parabolic  mirror is 
reflected from the  f la t  and refocussed by the  parabolic  mirror. If 
the  focus  is i n  the  plane of the  pinhole,  a s  measured by the  Foucault  
knife-edge t e s t ,  t he  pinhole is in  the  focal  plane of the  parabolic  
mirror. 
The x-ray t e l e s c o p e  is provided wi th  a n  opt ica l ly  f l a t  sur face  normal 
t o  its opt ic  ax i s .  Figure 3-3 i l lus t r a t e s  the  procedure for a l igning 
th is  su r face  normal t o  the  collimated beam. The beam s t r ikes  a 
part ial ly ref lect ing g l a s s  f lat .  The reflected portion is turned jus t  
o 1 80 by a cube  corner prism, part ly t ransmit ted through the  g l a s  s ,  
and viewed by a theodolite.  The part  of the  collimated beam original ly 
t ransmit ted through the  g l a s s  f l a t  is reflected s u c c e s s i v e l y  by the  
t e l e scope  f l a t  and the  g l a s s  f la t ,  and viewed by the  theodoli te .  
When the  two beams enter  the theodoli te  paral lel ,  t h e  t e l e scope  i s  
al igned t o  t h e  beam. 
Boresighting of the  star tracker w a s  then  ef fec ted  by se t t ing  the  
t racker  error s igna l  to  zero with the  same  beam in  its f ield of view. 
In order t o  set the  offset  mirrors s o  the  t racker  looks a t  a pointing 
0 
s t a r  6 51'  from the  t e l e scope  a x i s ,  the  theodoli te  w a s  used t o  set 
up a n  autocoll imator  s o  its beam made tha t  ang le  with the beam from 
the parabolic  mirror, a s  shown in Figure 3-4. The t e l e scope  w a s  



aligned paral lel  t o  the  autocollimator beam. Then the  offset  mirrors 
were ins ta l led ,  and adjus ted  until  the  tracker error s ignal  w a s  zero 
wi th  the  tracker viewing the parabolic mirror through the offse t  mirrors. 
Focussing of the  x-ray mirror, which meant placing the  front face 
of the  microchannel plate in  the focal  plane,  w a s  checked by two 
independent  techniques.  In the  f i rs t ,  i l lus t ra ted  i n  Figure 3-5, a 
f l a t  mirror w a s  placed near the focal  plane,  and the t e l escope  w a s  
aligned t o  t h e  collimated beam. If the  f l a t  mirror is precise ly  in 
the t e l escope  focal  plane,  the reflected l ight  wi l l  return through 
the optical  sys tem and refocus i n  the  plane of the optics.  (In f a c t  
a smal l  f l a t  mirror w a s  used t o  bend the  optical  path and bring t h i s  
focus  out  t o  the  s ide  where it could be  observed without interfer- 
e n c e  wi th  the  r e s t  of the optical  path. The position of t h i s  focus  
w a s  determined relat ive t o  a similar  focus  with a f l a t  mirror in  
front of the  t e l escope  mirror). If -the second focus is  displaced 
from the  reference plane by a n  amount a the  d isplacement  a of 1' 2 
the f l a t  mirror from the  focal  plane is given approximately by 
where  F and F a r e  the  focal  lengths  of the  parabolic mirror and 1 2 
t e l escope  mirror respectively.  The approximation is good for 
smal l  a a and indicates  the  d i s t ance  t h e  f l a t  mirror should be 1' 2' 
moved t o  give the next  approximation t o  focus.  A s  focus w a s  
approached, the  Foucault knife-edge test became qui te  insens i t ive ,  
s o  tha t  the  f ina l  focus could not b e  verified by th is  technique.  A s  
a check,  p ieces  of photographic paper were  mounted on the  f l a t  
mirror and exposed in the collimated beam, with the f la t  mirror in 
various posi t ions near the  focal  plane. Examination of the  result ing 
images verified "be original focus within . 002 inches .  

Both the  16  mm camera used for a s p e c t  and the  35 mm used for 
recording the  output of the  image in tens i f ier  were  focussed  on 
infinity. In e a c h  c a s e ,  collimated l ight  w a s  shone on the  camera ,  
and photographs taken for va r ious  l e n s  posi t ions.  Examination of 
the  resul t ing  images al lowed determination of the  correc t  pos i t ion .  
The re lay  l e n s  w a s  focussed  by placing it in  its mount v iewing the  
f iber  opt ic  output of the  image intensif ier .  A t e l e scope  f o c u s s e d  
a t  infini ty w a s  used t o  view the  image in tens i f ier  through t h e  re l ay  
l e n s ,  and t h e  r e l ay  l e n s  w a s  adjus ted  for b e s t  image. 
A coll imated ul traviolet  l ight  beam w a s  used t o  boresight  t h e  a s p e c t  
camera re la t ive  t o  the  x-ray te lescope.  The door of the  f l ight  
vacuum chamber w a s  replaced by a quar tz  f l a t ,  which transmit ted 
enough ul traviolet  t o  be  de tec ted  by t h e  image intensif ier .  The 
source  emitted v i s ib le  l ight  a s  we l l  a s  ultraviolet.  Both t h e  x-ray 
t e l e scope  and the  a s p e c t  camera viewed the beam, and exposures  
were  taken with the  1 6  mm and 35 mm cameras.  Measurements  on 
the  resul t ing  films resul ted  in  t e l e scope  -aspec t  boresighting wi th  
a n  uncertainty of about  20 a r c  s e c ~ n d s .  W e  feel confident  tha t  
t h i s  boresight  technique c a n  yield much more p rec i se  r e s u l t s  wi th  
some further development. 
3.3 SYSTEM TESTS 
The most important sys tem e lements  include the  image in tens i f ier ,  
vacuum chamber door, ion  pump, 16 mm and 35 mm cameras ,  and 
power supplies .  The sys tem w a s  t e s t ed  in a large tank which 
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could be evacuated  t o  10 Torr. X r ays  were supplied by a 
bremsstrahlung generator 60 feet from the  front f a c e  of the tele- 
scope ,  and by a n  ~e~~ source  outside the  chamber door. Before 
the  t e s t ,  t he  ion pump w a s  holding t h e  pressure  in the  chamber 
- 5 below 1 0  Torr. Since the  ion pump w a s  not  "c be operated in 
flight,  power w a s  supplied t o  it through an unpotted connector;  
Figure 3-6 Photograph from the system t e s t  showing focussed 
x-rays and diffuse background. 
consequently,  a s  the  tank w a s  roughed down through the  corona 
region the  ion pump power supply w a s  turned off. When the  tank 
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vaeuurn reached a few t imes 10 Torr t h e  supply w a s  turned back 
on and t h e  ion pump s tar ted  af ter  some delay.  The cameras  and 
image in tens i f ier  were turned on, and the  vacuum chamber door 
w a s  opened. The bremsstrahlung generator  w a s  operated part  of 
the time. After the  chamber door w a s  c losed  and the  tank returned 
t o  atmospheric pressure,  the  ion  pump w a s  again  s tar ted  with some 
delay. 
The developed f i lms showed tha t  both cameras operated properly. 
The image intensif ier  responded to  the  diffuse ~e~~ x rays  and the  
focussed bremsstrahlung a s  shown i n  Figure 3-6. The focus,  how- 
ever,  could not be  checked by th i s  technique because  the  source  
w a s  not  a t  infinity. The re lay  l e n s  - 35 mm camera l e n s  sys tem 
w a s  i n  focus.  Monitor readings indicated tha t  t h e  image in tens i f ier  
power supp l ies  produced the  des ign voltages.  
3.4 INTEGRATION TESTS 
Integration and Environmental Testing w a s  performed a t  GSFC on 
December 15  through 19, 1969. 
On December 17th, the  payload w a s  turned on. The high vol tage  
supply output vol tages  were  checked,  while disconnected from the 
image intensif ier .  The sc reen  read 4900V and the  NCP read -1 080, 
sat isfactory.  At 1:30 p. m. the  integration test w a s  run while the  
payload w a s  mated t o  ACS and T/M. All instruments functioned 
properly i n  the  payload. 
Later on the  17th, a bend test w a s  performed. Under torques of 
about 45, 000 in-lb the payload def lec ted  1/16 inch or l e s s ,  
sat isfactory.  
On the  18th, a pre-shake alignment check  w a s  run. The bore- 
s ighting between the  s t a r  t racker  opt ic  a x i s  and t h e  x-ray t e l e s c o p e  
a x i s  w a s  checked,  us ing  the  procedure descr ibed i n  Section 3. 2 .  
At t h i s  time, the  boresighting could b e  checked t o  a prec is ion  of 
8 a r c  min. , which w a s  adequate ,  but w a s  t o  b e  improved upon 
later .  
Late i n  t h e  afternoon of the  18th,  the  payload w a s  moved t o  the  
T & E building in  preparation for t h e  vibrat ion test, which w a s  con-  
ducted the  nex t  morning. The payload s t ruc ture  survived the  s h a k e  
wi th  n o  damage. The image in tens i f ier  ion  pump could not be run 
during the  shake ,  s i n c e  it w a s  powered external ly  through a n  um- 
b i l i ca l  cord, which  w a s  not  connected during the test. However, 
it w a s  connected up  a f t e r  t h e  test and the  ion  pump re-s tar ted ,  
indicat ing t h a t  no  subs tan t i a l  l o s s  of vacuum had occurred. Later 
even t s  s u g g e s t  tha t  it would have been des i rable  t o  monitor ion 
pump current during the  t e s t ,  and t o  shake  the  image in tens i f ier  
chamber i n  a vacuum ambient  t o  remove the  extra door c los ing  
force exerted b y  the  atmosphere on t h e  seal. 
At 3:30 p. m. on December 19th,  another  integrat ion test w a s  run, 
successful ly .  The payload w a s  shipped back t o  AS&E t h a t  day. 
3.5 PQST-INTEGRATION TESTS AT ASBE 
On December 24th, the  s t a r  t racker of fse t  mirror al ignment w a s  
checked and w a s  found t o  be  the  same  a s  prior t o  the  vibrat ion 
test within 2 a r c  min. This w a s  sa t i s fac tory .  
The alignment of the  s t a r  t racker  op t i c  a x i s  t o  the  x-ray t e l e s c o p e  
w a s  checked a l s o  tha t  day. A de fec t  w a s  found in  one of the  optic  
e l ements ,  which had been  giving f a l s e  al ignment sh i f t s  of abou t  
5 a r c  minutes. An improved optic  sys tem w a s  adopted and wi th  
i t ,  w e  es tab l i shed  tha t  the  tracker-to-telescope alignment had 
shifted 8 arc minutes or l e s s .  I t  was clear that  most of the nominal 
shift  of 8 '  had come from the defect  in measurement mentioned above. 
The precision of the new technique was measured to  be about -f- 2 0  
arc seconds by comparing several  alignment measuring techniques 
for internally consistent results. 
4.0 OBSERVING PROGRAM FOR FLIGHT 4.262 
The primary target was the Crab Nebula. It was decided to  uti l ize 
the capability of the STRAP I11 system to observe a secondary 
target, IC 443 a s  well for a limited time. 
Since neither of these  targets is optically bright, we had to  off- 
s e t  point from a bright star. The offset mirrors must be s e t  for the 
correct angle, with an accuracy of 5 arc-min or better, The calcula- 
tion of the angle X between the Crab (a, 6 . )  and the  pointing 
i j  1 1  
s ta r  p Tau, (a , 6 ), is a s  follows: j j 
cos  X = s in  6 sin 6 + cos  6 .  cos  6 cos (a - aj) i j i j 1 j 
Assuming: 
This value was se t  into the offset mirrors. The ACS programmer 
was set to  observe the Crab for 1 7 2  sec ,  and this was achieved 
in the flight (See Section 6). 
The second target was IC 443, a supernova remnant suspected a s  
a possible X-ray source based on phenomenological considerations. 
The offset  data  using y Gem a s  the pointing star,  are: 
The programmer was se t  to observe IC443 for 36. 73 sec .  IC443 
i s  a supernova remnant of small radius which we suspected might 
be an x-ray source. Also, i t  is located near the Crab Nebula, and 
with an accessible  offset pointing star, permitting its observation 
during the same flight a s  the Crab. 
While the payload did not point stably to  IC443, it did view the 
object for a few seconds. 
5.0 LAUNCH AND FLIGHT REPORT 
After shipment of the payload to White Sands, the setting of the 
offset mirrors was rechecked and found not to  have shifted by 
more than one arc minute. The offset angle was se t  a t  6' 50 '  52" ,  
using the same technique a s  before. 
The payload was moved outside on two success ive  nights in order 
to  take s ta r  pictures. The tracker was able to  lock onto s tars ,  
and the aspect  camera recorded clear  s ta r  images. In the absence 
of measuring equipment the offset angle could not be deduced 
0 
accurately from these  pictures, but a point 6 51' from the point- 
ing s t a r  was near the center of the aspect  frame. 
On returning the payload inside, a partial l o s s  of vacuum was 
suffered each night; on the second night i t  was necessary to  
rough out the chamber in order to restart  the ion pump. This ef- 
fect  was suspected to  be due to  thermal shock; the ambient temper- 
0 
ature changed by about 30  F each  time quite suddenly. The 
horizontal t e s t  was a run-through of the flight plan sequence. 
Certain functions, such a s  nose cone ejection and opening of 
the chamber door, could not be executed, but t e s t  lights came 
on a s  the commands were received. The experiment functioned 
normally. After installation in the tower, the  payload went 
through the vertical  tes t ,  another run-through of the flight plan, 
without difficulty. 
The launch occurred a t  8:00 PM on February 6, 1970. A l l  systems 
operated and telemetry records indicated that  al l  payload functions 
were normal, except that  a monitor showed the microchannel plate 
voltage did not reach i t s  design value until half way through the 
flight. The tracker acquired a s ta r  and held i t  for the part of the 
flight scheduled for observing the Crab. After the maneuver which 
was  to have pointed the telescope a t  IC 443, however, no 
pointing s tar  was acquired. 
Payload separation occurred on schedule and impact was on range. 
Recovery on the morning of February 7 was  effected without dif- 
ficulty. The payload was undamaged except for scratches  and a 
small chip in one offset mirror, and minor scratches  on the  skin. 
When power was applied to  the ion pump, i t  was found tha t  a i r  
had entered and the pressure was above the corona region. This 
suggested that  thedoor had not sealed completely when i t  re- 
closed upon severance (about 250, 000 f t  altitude) just before re- 
entry, or perhaps that  i t  had been jarred open when the payload 
struck the earth after descending on the parachute. 
6.0 DEVELOPMENT OF FLlGHT FILM 
The 16mm aspect  f i l m  was bund to contain s ta r  images of good 
quality. During the part of the  flight when the tracker was  
locked onto a star, the aspect  s t a r  field was  stable and matched 
the field in the neighborhood of the Crab well enough that we are 
certain it pointed a t  the Crab (See Figure 6-1). 
The 3 h m  camera was flown without a shutter. The f i rs t  frame 
was severely blackened, indicating that  the image intensifier 
flashed before the cameras started. A number of frames la ter  
in the flight were darkened. Most frames contained one or  more 
spots  which, because of the persistence and stability from frame 
to  frame, were identified a s  image intensifier hot spots  rather 
than scintillations due to  x rays. One sequence of about twelve 
frames showed increasing numbers of scintillations until two 
frames which were substantially darkened, after which the number 
of scinti l lat ions receded. No spots  related to any astronomical 
object were present (See Figure 6 -2). 
The failure of the image intensifier to reach i t s  design voltage on 
schedule, coupled with the darkening of frames on the 35mm film, 
indicated that  the flight chamber los t  vacuum on ascent,  leading 
to electrical  breakdown in the image intensifier. When the door 
opened, i t  gradually pumped out, and the voltage came up. This 
was accompanied by ionization which caused the burst of scinti l-  
lat ions described above. Apparently this ser ies  of events destroyed 
the image intensifier 's  sensitivity t o  x rays, so  no x rays from 
the Crab Nebula were observed. 
Figure 6-1 Two frames from the flight aspec t  film showing the  
s ta r  field in the  neighborhood of the  Crab Nebula 
together with the  fiducial lights. 
Figure 6-2 A frame from the flight x-ray image recording f i l m  
showing the fiducial l ights and the absence of 
scinti l lat ions from x rays. 
7.0 SUPPLEMENTARY STUDIES 
7.1 X-RAY REFLECTION STUDIES 
7 .  1. 1 Introduction 
One of the  major fac tors  i n  determining the  ultimate resolu t ion  of 
x-ray reflect ing t e l e s c o p e s  is the  qual i ty  of the  f in i sh  of t h e  re-  
f lec t ing  surfaces.  The two major contr ibutors  t o  the  su r face  f in ish  
a r e  t h e  la rge  s c a l e  var ia t ions  set by t h e  to lerances  imposed during 
the  manufacturing p rocess  and t h e  l o c a l  i rregulari t ies  or imperfec- 
t ions in  the  crys ta l l ine  structure of the  surface.  An inves t iga t ion  
of the  l a t t e r  is the  s c o p e  of the  present  s tudy.  
The tradit ional  Rayleigh criterion for a perfect  ref lect ing su r face  is 
sa t i s f i ed  if sur face  irregulari t ies  introduce errors i n  the  ref lec ted  
wavefront  of less than a quarter  of a wavelength.  For radiat ion in-  
c iden t  a t  a grazing angle  9, the  height h of a su r face  devia t ion  
corresponding t o  a ~ / 4  wavefront  error is 
For a wavelength of 8. 3 8 and a grazing angle  9 of 10,  th i s  g ives  a 
s c a l e  height of 60 8. Irregulari t ies  of t h i s  scale and  grea ter  wi l l  
modify the  in tens i ty  distr ibution in the  image p lane  on a scale of 
t ens  of a rc  seconds .  S ince  the  ref lec t ions  occur a t  grazing inc idence  
th i s  redistr ibution occurs  in  a n  ordered way. Our s tud ies  have  in- 
d ica ted  tha t  the  r ays  sca t t e r  almost  ent i re ly  i n  the  plane of inc idence  
of the  incoming ray. This r e su l t  is independent  of whether  t h e  de-  
v ia t ions  a r e  considered t o  a r i s e  from diffraction or specular  ref lec t ion  
and depends  only on the  f a c t  tha t  the  p rocess  t a k e s  p lace  a t  grazing 
incidence.  In e i the r  c a s e  a n a l y s i s  shows tha t  the  deviat ion of the  
inc ident  r ays  perpendicular t o  the  plane of inc idence  wi l l  be  smal ler  
than t h e  deviat ion in the  plane of inc idence  by the  factor  
where 52 is a measure of the  s c a l e  of the surface  irregulari t ies .  
This r esu l t s  from the  foreshortening effect  of grazing incidence.  
The present  s tudy has  been concerned wi th  the irregulari t ies  which 
may be encountered on different su r faces  and their  ef fec t  on the  
sca t tered  in tens i ty  distribution and reflect ion coefficient  a s  a 
function of wavelength and angle  of incidence.  
7. 1. 2 Experimental Study of Scattered In tens i ty  Distr ibution 
The modification of the  in tens i ty  distr ibution ar is ing from the  
scat ter ing process  w a s  studied by placing suitable f l a t s  in  a beam 
of x-rays and measuring the  spa t i a l  distr ibution of the  sca t terd  
photons. The x-rays a re  produced by e lec t ron bombardment of a n  
aluminum target  which generated a spectrum consis t ing  of the  
0 
character is t ic  aluminum Kcu l ine  a t  8. 3 A superimposed on a con- 
t inuous bremmsstrahlung spectrum of reduced in tens i ty  with a low 
0 
energy cut-off a t  approximately 4 A. These x-rays were  col lec ted  
and focused by a grazing incidence  t e lescope  having a foca l  length 
of 7 6  inches  which w a s  s i tua ted  7 2 0  inches  from the source.  A 
mask w a s  placed over the  t e l escope  which allowed radiat ion t o  
reach the  focus only i f  it had been reflected from e i the r  one of two 
small  regions on e i ther  s i d e  of the  horizontal diameter  of the  tele- 
scope.  A schemat ic  diagram of the  experimental set up is shown in 
Figure 7-1. The two reflect ions from the  t e l escope  wi l l  produce 
scat ter ing i n  the p lane  of inc idence  which, in th i s  c a s e ,  is t h e  
horizontal direction. Consequently,  the  images a t  the  focus  wi l l  
be fan shaped where the  opening angle  of the fan  wi l l  be  governed 
by the  opening angle of the  mask. These fans  were further limited 
by placing defining s l i t s ,  30 mils wide,  in  front of the  mask. 
The optical  f la t  to be  t e s ted  w a s  placed s o  a s  "6 intercept  one of 
the converging beams and t o  def lec t  th i s  beam ver t ica l ly  from i t s  
normal focus .  In th i s  way  the scat tering produced by the  su r face  
MASK 
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Figure 7-1 Schematic diagram of the experimental s e t  up to  
measure the  scattered intensity distribution. 
i rregulari t ies  of the  f l a t  wi l l  be perpendicular  t o  the  sca t t e r ing  
produced by the  te lescope.  If the  grazing angle  is 8 ,  the  ve r t i ca l  
separa t ion  of t h e  two images is given by 
for smal l  8 and where d and R a r e  defined i n  Figure 7-1. 
In prac t ice  d and R a r e  measured and the  relat ion is used to c a l -  
cula te  the grazing angle  8. 
The in i t ia l  measurements were made us ing a photographic technique.  
Both images  were  positioned using v i s ib le  l ight  on a s ing le  p iece  of 
33 mm high speed  film (Kodak #2485) before making a n  x-ray expo- 
sure. Although the  qual i ta t ive  fea tures  previously d i s c u s s e d  were  
observed,  the  time required t o  make a n  exposure  (-8 hours) w a s  
prohibitively long and the  bulk of the  measurements were  made 
wi th  proportional counters .  These counters  had 2 mil beryllium 
windows and were  filled wi th  P-10 (a mixture of 90% argon and 10% 
methane) a t  atmospheric pressure.  One of the  counters  w a s  f ixed 
and w a s  used t o  monitor the  d i rec t  beam whi le  the  other w a s  
mounted on a movable table  whose  posi t ion w a s  measured b y  a 
micrometer gauge.  This counter w a s  used t o  map out  the  in tens i ty  
distr ibution of the  reflected beam and to  inc rease  its s p a t i a l  resolu-  
t ion it w a s  provided with a n  ad jus tab le  slit which could be  used 
t o  l imit  the  field of view in the  ver t ica l  direction. These measure-  
ments were  performed in  a vacuum chamber a t  a pressure  not  ex- 
ceeding 1. 0 x l o m b  mm Hg a s  the  range of x-rays of t h e s e  wave-  
lengths  in a i r  is very small.  
Two types  of measurements were  made. The f i r s t  s tudied the  
variat ion of the  intensi ty distr ibution from various surfaces  a t  a 
cons tan t  ang le  of incidence,  whi le  in  the  second s e r i e s  of t e s t s ,  
the  dependence  of the  sca t ter ing  function upon the  grazing ang le  
w a s  inves t iga ted  for e a c h  type of material.  
The resu l t s  obtained for ref lect ions a t  a grazing angle  of 30 a rc -  
minutes and using a slit s i z e  of 1 mil from g l a s s  (Cervit) and 
Kanigen (a n ickel  phosphorus al loy) a r e  shown in Figures 7 -2a and 
7-2b, respect ive ly .  The ordinate i n  t h e s e  f igures  i s  the  r a t io  of 
the  deflected beam t o  the  undeflected beam, corrected for back- 
ground and multiplied by 1000. This quant i ty  is used t o  el iminate 
the  e f fec t s  of time var ia t ions  in  t h e  source  in tens i ty .  The ful l  
width  a t  half maximum (FWHM) for  the  Kanigen f l a t  is 27 a rc -  
seconds  and for t h e  g l a s s  f l a t  14. 5 arc-seconds .  These v a l u e s  
have t o  b e  corrected for the finite ta rget  and slit s i z e s .  These 
correct ions reduce the e f fec t ive  FWHM t o  22. 5 and 9. 7 arc-seconds  
respect ive ly .  The difference cannot  be  accounted for by experimental  
uncer ta in t ies  and must a r i s e  from physica l  d i f ferences  in  t h e  two 
surfaces .  On the  other hand, a spec ia l ly  ion polished g l a s s  f l a t  
w a s  indist inguishable from the  Cervit  flat.  
Figure 7-3 shows  the  variat ion of the  FWHM of t h e  in tens i ty  d i s -  
tribution wi th  grazing angle.  The resu l t s  show that  the  FWHM, 
A+, of the  distr ibution is direct ly proportional t o  the  grazing 
angle ,  for the  Cervit  f la t ,  namely, 
where the  cons tan t  k is approximately equa l  t o  1/2 if A +  is 
measured in  arc-seconds  and 8 in arc-minutes. 
7. 1. 3 Electron Microscope Studies 
Since the  ion polished and  the  Cervit  f l a t s  appeared to  have the 
same sca t ter ing  function and,  by inference,  s imilar  s c a l e  surface  
irregulari t ies ,  they  were  examined by e lec t ron microscope t o  de -  
termine whether  differences could be detected.  The e lec t ron 
micrographs were obtained by cleaning the  f l a t s  and then forming 
a p l a s t i c  (ace ty l  ce l lu lose )  repl ica.  This repl ica  w a s  shadowed 
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a t  a n  ang le  of 5 with a n  evaporated platinum carbon mixture and 
then coa ted  with a support film of carbon. The p l a s t i c  w a s  d i s -  
s ~ l v e d  in ace tone  and the carbon film washed  i n  ace tone  and then 
in water .  
Although th i s  procedure w a s  chosen  t o  produce the  minimum grain 
s i z e  of the  evaporated platinum, the  s i z e  of the  par t ic les  w a s  too 
o 
large t o  reveal  any  de ta i l  below 60 - 80 A and a t  t h i s  resolu t ion  
both f l a t s  appeared identical .  The resul t ing  photographs obtained 
a t  a magnification of 60, 000 a r e  shown i n  Figure 7-4. 
7. 1. 4 Reflection Coefficients  
Reflection coefficients  of g l a s s  and ac ry l i c  p l a s t i c  were  made a s  a 
function of grazing angle and a t  two wavelengths.  These measure-  
ments were  made wi th  the  proportional counters  and x-ray source  
previously described.  The angle  of inc idence  w a s  varied by 
mechanica l ly  deflect ing the  f l a t  and ca lcula t ing  the  grazing ang le  
from t h e  measured deflection. 
Figure 7-5 is a plot of the  r e su l t s  of a s tudy of uncoated g l a s s  using 
o 
both 9. 9 and 8. 3 A radiation. The material  t e s t ed  w a s  microscope 
s l i d e  qual i ty  soda  g l a s s  t h a t  is commercially avai lable .  No s p e c i a l  
handling or treatment procedures s u c h  a s  addi t ional  grinding or 
polishing of its surface  were  at tempted prior t o  test ing.  A s  e x -  
pected,  the  r e su l t s  show tha t  the  reflect ion eff iciency is higher 
for  t h e  longer wavelength radiat ion and the  qual i ta t ive  behavior 
for both wavelengths  a r e  e s s e n t i a l l y  the  same. Acrylic p l a s t i c  
0 
w a s  a l s o  t e s t ed  a t  9. 9 A and the  r e s u l t s  a r e  g iven in  Figure 7-6. 
This sample  w a s  a l s o  a commercially avai lable  item t h a t  w a s  not  
t reated prior t o  test ing.  I t s  ref lect ivi ty a t  t h i s  wavelength is 
poorer than g l a s s .  
A further  test w a s  performed on a chromium coated  sample  of f loat  
g l a s s  and its eff iciency appears  t o  b e  much grea ter  than tha t  of 
Ion- Polished Flat  x 60, 000 
Cervit  Flat x 60, 000 
Figure 7 - 4  Electron micrographs of the  surface  of the  ion 
polished g l a s s  f l a t  and the  Cervi t  f la t .  
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Figure 7-5 Grazing angle  lec l jv i ty  of Glass  for M~ (9. 8 8 ~ )  
a n d A l  (8.33 kcu kc? 
Figure 7-6 Grazing a n g l .  ref lect ivi ty of Acrylic p las t i c  fo r  
MgkQ (9. 88 A ) .  
either the other samples (Figure 7-7). Superimposed on the curve 
are the results  of measurements by Ershov e t  al. (Optics and 
Spectroscopy - 22, 83, 1967) on the refiectivity of a polished 
chromium sample. The disagreement a t  the larger grazing angle  
could a r i se  from a difference in the surface quali t ies of the two 
samples. 
7. 1. 5 Conclusions 
These t e s t s  have demonstrated that  the Kanigen f la ts ,  a s  presently 
configured, produce considerably more scattering than optically 
polished glass.  On the basis  of the data obtained for the g l a s s  
f lats and with the assumption that  the intensity distribution is of 
gaussian form then 80% of the radiation from a point source collected 
and focused by a grazing incidence telescope will fa l l  within a 
circle of radius 17 arc-seconds. 
The sca l e  s ize  of the irregularities which produce the scattering 
0 
i s  l e s s  than 60 - 80 A and i t  is possible that the improvements in 
the reflectivity of grazing incidence telescopes could result  from 
coating optically polished g lass  with a high Z metal. 
7.2 STELLAR AEROBEE 350 TELESCOPE PAYLOAD 
A study was done in order to  get a preliminary definition of an 
x-ray telescope payload for u se  with an Aerobee 350. In fact ,  
we have considered two possible payloads. The A configuration 
has a high resolution Giacconi-Rossi mirror and an image in- 
tensifier  detector. The B configuration has a high efficiency Baez 
mirror and an imaging proportional counter. 
7 .2 .1  Typicalobject ives  
The A configuration can achieve: 
a. Source locations to  a few arc-sec of sources a s  
weak a s  10-4 Crab Nebula 
b. High resolution picture of M87 containing 1 5  00 counts 
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c.  Observe l ines in Sco X-1 spectrum to  0. 05% of total  
flux, or in a 1/10 Sco X-1 source to  0.2% of tota l  
flux. 
The B payload can  survey a t  about 5 - 10 times the sensit ivity of 
the A payload, with excellent long-wavelength sensit ivity,  but 
with only arc-minute resolution. 
7. 2 .  2 Program Requirements 
The standard sounding rocket support provided by NASA will be 
required, including ACS using a STRAP system. The A payload 
will require a tracker which can  be offset pointed, to about 10 
arc-sec and a roll-axis stabil izer with a limit cycle  of better than 
t 1 arc min. Absolute pointing accuracy of 5 arc-min is required. 
- 
The B payload requires standard ACS support using STRAP I11 with 
presently achievable performance. 
7.2. 3 Payload Design 
The basic  payload configurations will be designed to  accommodate 
the two different mirrors. Figure 7-8 shows the proposed design 
for the nested-pair paraboloid-hyperboloid mirrors. The design is 
similar to  a payload system which is currently in process for the 
Aerobee 350 vehicle which is scheduled for flight in mid-1 97  1. 
The current payload uses  a single paraboloid-hyperboloid mirror 
system for solar x-ray imaging whereas the overall layout, mechan- 
ical  structures, aspect  system, s ta r  tracker, attitude control, and 
recovery systems will be applicable to  the proposed sounding 
rocket payload. 
The specifications of the two payloads are given in Table 7.2-1. 
Layout drawings of the payloads are shown in Figure 7-9 and 7-10. 
A computer study of the performance of the high resolution and high 
efficiency mirror systems has been performed using a ray tracing 
program. The results  are presented in Figures 7-1 1 through 7-14. 
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Figure 7-11 Effective area versus wavelength at  two angles of 
incidence for the high resolution mirror. 
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Figure 7-12 RMS radius of t he  blur circle a t  60 A versus the 
angle of incidence for the high resolution mirror. 
The curve labeled UT is for a flat focal plane 
while the curve e is for an optimally curved focal 
plane. D 
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Figure 7-13 Effective area versus wavelength a t  two angles of 
incidence for the high efficiency mirror. 

The sample of rays traced through the two systems was  large 
enough to insure that the RMS error in the effective area was  
l e s s  than 5% in each  case .  Figure 7-11 shows the results  of 
the calculation of the effective area of the high resolution mir- 
ror payload A, a s  a function of wavelength for different angles 
of incidence. Figure 7-  12 shows the RMS radius of the blur 
circle a s  a function of angle of incidence for this same mirror. 
The two curves in Figure 7-12 represent the blur circle for a 
flat and an optimally curved focal plane, labeled s and s,, T 
respectively. Figures 7-13 and 7-14 present the same da ta  for  
the high efficiency telescope,  payload B. Note, in reference to  
Figure 7-14, that for the Baez geometry a f lat  focal plane i s  e s -  
sentially an optimal focal plane. 
7.3 VEHICLE PERFORMANCE 
Estimated payload weight is 475 lbs.  and apogee is estimated to 
0 be about 335Km for 87 elevat  on s e a  level  launch. For WSMR 
launch (4000 feet  elevation), we  obtain approximately 3 to 5 per 
cent higher apogee. Figure 7-1 5 shows trajectory performance 
data  for the Aerobee 350 vehicle. Total flight time will be ap- 
proximately 10.2 5 minutes and flight time above 100 Km will  be 
about 7.25 minutes. 
It is interesting to  compare the effective exposure time of the  A 
payload with that of the Aerobee 15 0 payload described earl ier  in 
this report. 
Aerobee 150 Aerobee 350 A Payload 
Projected Area 
Reflection Efficiency 0. 03 0. 06 
Time 200 s e c  435 s e c  
AT 2 210 em -sec 2 3315 cm -sec  
Note: I. Based on 2-D, point-mass,non-rotating, 
spherlcai earth trajectories. 
Net Payload ( I b )  
This estimate assumes only a factor of two improvement in reflec- 
tion efficiency for the 350 P Payload mirror. The reflection ef- 
ficiency i s  defined operationally a s  the fraction of energy from a 
point source a t  infinity reflected into one resolution element. Thus, 
the choice of Cervit for the 350 A mirror will probably give u s  better 
than a factor of two improvement over the Kanigen mirror used in the 
Perobee 150 payload, due to  i t s  better scattering properties, a s  
well  a s  i t s  greater bulk coefficient of reflection. We can expect 
that  the 350 A telescope will give more than the factor of 18. 6 
increased performance calculated on page 7-24. 
